Introduction
Ab initio modeling is a very valuable way in which dopant activity can be predicted [1, 2] . It is significant that the dopant donor in GaN was first suggested by means of ab initio aids [3] . In the semiconducting material is good to have a good bipolar electrical conduction, i.e. efficient doping from n-and p-sides. However, due to the reasons which are not yet fully understood, in many materials it is challenging to achieve both, the donors and acceptors dopants. For example, boron is a shallow acceptor in diamond but there are problems relating to shallow donors. Oxygen and silicon are known to 2/7 be shallow donors in GaN, but still there are difficulties in using efficient shallow p-type dopants, Mg and Be are favored but have low activities. Several doping-limiting mechanisms can be cited, of particular importance are: insufficient solubility of the dopant, self-compensation by spontaneous formation of native defects, lattice relaxation around the doping atoms and amphoteric behavior of several potential dopants [1] .
In recent years the IIIA-N semiconductors have attracted a great deal of interest because of their wide use in electronics and optoelectronics. The structural and electronic properties of the zincblende and wurtzite phases of BN, AlN, GaN and InN have been studied extensively by different experimental and theoretical groups. Analogous to IIIA-N, the compounds formed by IIIB group metals and N also behave as semiconductors. In this group the most researched is ScN. For long time it was assumed to be a semimetal [4] ; however progresses in growing stoichiometrically ScN have undeniably identified it to be an indirect semiconductor with an indirect band gap of about 1 eV [5, 6] . This material has a natural tendency to be n-type. In speculatively ways this propensity has been attributed to accidental doping with O, and, or deviations from the 1:1 stoichiometry. Metal vacancies produce p-states , as we show in a recent work [7] ; however these defects occurs at high energetic costs and probably the crystalline structure would find a compensation mechanism for them by means of lattice distortions. At present it is possible to grown nearly intrinsic ScN, with carrier concentrations in the 10 17 cm -3 limits of n-type conduction [8] . The electronic structure of ScN is typified by a conduction band with essentially Sc-3d character, while the valence band is mostly formed by N 2p states. Sc in ScN acts donating its two 4s and single 3d electrons to N; chemically is similar to an ordinary group IIIA element. The main difference is the existence of disperse d states which leads to an indirect band gap with the conduction band minimum at the point of the Brillouin zone. Until now it is ignored if the presence of these d states will
have an adverse effect in shallow donors or acceptors. The aim of this work is to elucidate this point.
With that idea in mind, we did a series of calculations, considering C and Ca as electron deficient 3/7 elements in ScN, and O and Ti as electron donor. There are another possible doping elements not covered here, like Mg and Be.
Computer Simulation
In order to calculate the electronic structure of undoped and doped ScN we have employed the full potential linearized augmented plane wave (FP-LAPW) method within the framework of densityfunctional theory, as implemented in the Wien2k code [9] . For structural refinement the exchangecorrelation potential was calculated using the generalized gradient approximations in the form given by
Perdew-Burke-Ernzerhof (GGA-PBE) [10] . This approximation underestimate the band gap, as a result, ScN comes out to be a nearly zero gap semiconductor in GGA-PBE. Thus, to model the effect of doping is mandatory to add a gap correction. For the density of states (DOS) calculations we applied both the standard GGA-PBE and GGA-Engel-Vosko approximation (GGA-EV). GGA-EV is used as a gap-corrector factor after structural refinements [11] . 
Results and Discussions
The basic shapes of DOS by GGA-PBE and EV calculations agree convincingly within them, although EV opens the band gap of ScN to ~0.5 eV, Figure 1 , center plot-still undervalued compared to experimental data [8] . To avoid filtering the effect of the doping agents we used low Gaussian 
Conclusions
In summary, the present computational study predicts that O and Ti doping in ScN would lead to n-type semiconductor, while C and Ca doping would lead to p-type. These results are important given that ScN could be a bipolar semiconductor. There is also a new interesting result of ScN doped with Mn to form a dilute magnetic semiconductor for spintronic applications [12] . A material that can be used simultaneously in electronic and spintronic devices is very worth of a lot of attention for future applications.
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